T HE GREAT SUCCESS which has attended the use of chlorine for the purification of water supplies has led to an attempt to apply a similar procedure to the purification of contaminated oysters. Wells, on the basis of experimental observations, has advocated the use of chlorinated sea water treatment of oysters and believes that contaminated oysters thus treated may be rendered safe for consumption.
Wells extracts from the report of the New York State Conservation Commission (1922) the following recommendations which recommendations, we believe, are representative of his views.
Restrictions on Process-Oysters to be treated by this process must be reasonably free from mud and organic contamdination and must not, when first placed in the basin, score over 500. They may be brought within these requirements by previous treatment. Water used must not be grossly contaminated with sewage or other filth, must be reasonably clean and, before chlorination, must not score over 5 (five portions of the water sample to be treated as five shellfish in securing this score). It may receive preliminary treatment. Salinity must not be less than 1.014.
Process-The object of this process is to sterilize the outside of the oyster and to allow it, by natural processes, to free itself of such infected material as may be in its shell or body cavities. These voided materials are then removed and sterilized. The edible portion of the oyster is not exposed to the action of any chemicals; the animal is merely allowed, in a perfectly natural manner, to wish itself clean in sterile water. In detail the process is as follows:
1. Oysters of suitable cleanliness are placed in a clean empty basin. One bushel of oysters *From the Joint Session on Oyster Sanitation of the American Public Health Association at the Fiftyfourth Annual Meeting at St. Louis, Mo., October 20, 1925. [142] requires 25 gallons of tank capacity. Oysters may not be in layers over 8 inches in depth and must be so arranged that the water can freely circulate about them.
2. The basin is filled with water showing, by orthotolidin test, an excess of free chlorin. Amount of chlorin regulated by experience to meet the following requirement.
3. Sterilizing interval; during which there must be more than 0.2 parts per million of free chlorin in the water. Starting when basin is completely full, lasts for 30 minutes, or such longer period as may be necessary to reduce the free cJlorin to less than 0.5 parts per million.
4. Drinking interval. Starts at end of previous interval and lasts for at least 6 hours. During this interval the oysters are expected to be open and active.
5. Basin is drained. 6. Basin refilled with chlorinated water as in 2.
7. Sterilizing interval; same as 3. 8. Drinking interval of not less than 12 hours. 9. Oysters removed, basin drained and cleaned.
Safeguards-Severe restrictions as to the quality of the water used, the degree of pollution of oysters which may be subjected to this process and the qualifications of the responsible operator are imposed by the commission. In addition the nature of the process is such that there is a large factor of safety to offset any irregularities in the treatment. As the meat of the oyster is not touched by chemicals, a stronger dose of chlorin can be used than is possible in the sterilization of drinking water; actually 10 parts per million of free chlorin are developed in the water entering the basin, an amount that would make water undrinkable and which is about 20 times the dose ordinarily given in potable water. It has been found at Inwood that with this dose of chlorin in the influent water, the water in the basin, when full, contains between 1 and 2 parts per million and that during the subsequent 30-minute sterilizing interval this falls to between 0.2 and 0.5 parts per million. If for any reason this reduction does not take place, the sterilizing interval is prolonged until the chlorin content is below 2 part per million. It is thought that this process is more thorough and more certainly effective than any to which other foods are subjected, except those which are completely sterilized, as in certain canning processes.
The following quotation from Wells (1920) indicates the mechanism on which he bases his procedures:
Briefly stated, this method of purification consists of nothing more than assuring conditions of cleanliness under which the oyster can, by its natural function, remove any pollution received from the water. Ordinarily the oyster is very active in filtering out and digesting fine particles which are drifting in the water. If kept in clean surroundings, the oyster is just as active in returning these substances into the water. Under ordinary conditions an oyster passes 50 gallons of water a day through his gills, and a particle of food deposited on those gills will pass on to the mouth and be eliminated from the oyster within 5 hours. If conditions are maintained such that pollutions are removed, and new ones are not permitted to enter the oyster, it is possible to cleanse a polluted oyster within a remarkably short period. Twenty-four hours has been found sufficient under ordinary conditions of practicc. With slightly polluted oysters less time is required than for grossly polluted oysters. The latter, which it would not be proposed to treat, might require a longer period than 24 hours.
f From this standpoint the apparent value of chlorination rests on its efficiency in sterilizing the available water, the exterior of the oyster shells and the material excreted from the oyster. Indirectly it depends on the completeness of the excretion of contaminating organisms by the oyster itself. For a consideration of these aspects the experiments given below were carried out.
The following is an outline of the source of materials and the methods employed in our experimental tests of thc efficiency of the chlorine treatment of oysters.
The oysters were specially dredged for us through the courtesy of one of the local oyster concerns. Complete serological tests were made wherever the results were still indefinite. In addition to the direct plating of the material, the remainder of the samples was inoculated for enrichment into brilliant green broth. The broth was plated on brilliant green media at 24 hours and on later days, in some instances up to 3 weeks. The first positive findings of the broth were found on the 1st up to the 10th day inclusive. The necessity of repeated examinations is very apparent.
The figures given in the tables are based on the colonies per plate with correction for the volume employed or on an amount which yielded B. typhosus when added to brilliant green broth.
The number of oysters examined during or at the end of the chlorination experiments has varied. In the earlier tests only 2 oysters were examined at each test period. This resulted in some apparent discrepancies due to the unevenness of the distribution of B. typhosus, and the number examined was increased to 4. In the last experiment 9 oysters were examined at each time.
Chlorinated water was tried at different temperatures in some of the experiments to determine whether this would influence the effect of the chlorine and to determine the differences in the rate of chlorine fall.
The experiments are given below in the order in which they were carried out, in most instances with an accompanying table giving the details of the tests.
Experiment 1 was a relative failure in that an excessive overgrowth of B. aerogenes types prevented the isolation of B. typhosus, in all the earlier tests in the series. The experiment is significant, however, in that with a treatment in chlorinated water (total available 36.3 parts per million at the start) we were able to isolate B. typhosus frofn the shell washings at the end of 27 hours in the bath. During this time the total chlorine had fallen from 36.3 to 1.2 parts per million. The temperature of the bath was from 90 to 140 C. during this period.
In chlorination experiment 2 (Table I ) the contamination of the shell was heavy, 12,300 B. typhosus per shell, but the chlorine content was high, 32 parts per million. The test at the end of an hour showed a sharp fall in the number of typhoid bacilli, partiy due to the wash effect of the chlorinated water removing the sediment from the shells. At the end of 5 hours there was no marked further decline in numbers, indicating that many of the bacilli were protected from the action of the chlorine. At the end of 24 hours in the cold tank with chlorine had dropped from 32 parts per million to 1.5 parts and in the warmer tank from 32 parts to 0.5 parts and typhoid bacilli were isolated in considerable numbers from all the shells tested. It should be noted, however, that the chlorine content fell between the 5th and 24th hour to a point where drinking and recontamination of the shells by excreted B. typhosus could have occurred. Deductions as to effect of the chlorine on the initial sheli contamination must take this into consideration.
In view of the unfavorable results of the second experiment the experiment 3 (Table II) Drinking probably took place some time before the 24th hour.
NOTE-Several examinations of the chlorinated sea water were made after the contaminated oysters were placed in the tank. These gave negative results. A study of this table with special reference to the number and lengths of the drinking periods gives a discouraging view of the efficiency of the cleansing action of drinking, assuming that recontamination of the interior from the shells was not the factor. Whatever interpretation one may make, the practical fact remains that in this as in the previous experiments, a few typhoid bacilli persist inside of the oyster as well as upon the shells.
DISCUSSION
There are two points of view that may be taken of the chlorine treatment recommended by the Conservation Commission. First, that the treatment may be expected to rid contaminated oysters of fecal pathogens. This apparently was Wells' idea as shown by the analogy drawn to pasteurization of milk, a process which if adequately carried out will kill all the fecal pathogens in milk.
Our expeiiments show that even amounts of chlorine and times of exposure as well as times of drinking or flushing far in excess of those recommended will not serve to rid oysters of all the contaminating typhoid bacilli.
The other viewpoint is that chlorination is an extra safeguard in that it will serve to reduce the number of typhoid bacilli should they be present and thus lessen the chances of infection. This is undoubtedly the correct view of the process. However correct, no health officer would dre reconmnend the dredging of oysters from known contaminated waters and their subsequent chlorination on any such basis. In fact, the results clearly show.that the only adequate safeguard is the growing of oysters in waters protected from sewage pollution. The advantages that chlorination possesses over the drinking of oysters in plain salt water is that sufficient chlorine will insure a safe water for drinking and that it will kill the accessible pathogens excreted from the oyster and on its shell. It might be contended that the chlorination method could be made more efficacious by devising some practical procedure for preliminary cleansing of the shell. This is quite possible as regards the external sterilization but reference should be made to our tables as to the persistence of B. typhosus in the oyster after the shells were negative.
To a large extent the conflict between our results and those of Wells rests, we believe, on the methods of examination. We have taken advantage of every available refinement of method and have succeeded where more ordinary methods would have failed to demonstrate the presence of B. typhosus. Even where we have recorded negative findings they should be interpreted as B. typhosus not found and not necessarily as B. typhosus not present.
It should be noted that many of the oysters from which B. typhosus were isolated would have given very low " scores."Y In a recent test we had a score of zero on typhoid positive oysters. There is a considerable tendency to delude oneself to a sense of safety on the basis of " score" findings alone without adequate inspection. A high score is an index of danger, a low score is not necessarily an index of safety.
We are informed that the drinking of oysters prior to shipment is a desirable procedure for conditioning the oysters and increasing their keeping qualities. As this operation is carried on near shore where the chances of contamination of the water are usually increased, adequate chlorination of the water for this purpose is worthy of recommendation.
CONCLUSIONS
The chlorination treatment of contaminated oysters will result in a marked diminution in the number of B. typhosus, but even 6 successive treatments may not rid the oysters of the contaminating pathogens. The process cannot be recommended therefore in any sense as a reliable means of " sterilizing " contaminated oysters and thus rendering them safe for consumption. The results indicate that safe oysters can only be produced by growing them in waters uncontaminated by human feces. I think we have had a very excellent illustration of the hypothesis that where the beneficent applications of science exhibit certain defectiveness, the remedy consists in having more science, not in abandoning what we already have. Now, if we take and actually put together all that has been presented here in some graphic form, a task that I would not care to undertake without much careful consideration, we would probably be able to develop a complete (or as nearly complete as science at this time permits) picture of exactly what ought to be done as the next step in this application of more science to this very important problem.
We must, as Mr. Tarbett says, take into account all of the factors derived from our accumulated knowledge with respect to those developing when sewage enters into the tidal waters until we eat the actual oyster itself. One of the things that has been left out to too large a degree by all of us, and I want to emphasize it, is the biology of the oyster. We have at hand the results of adequate studies by biologists on oysters, irrespective of questions of sanitation, to give us the fundamentals upon which we can base a really sound intelligent sanitary policy with respect to these shellfish, oysters and clams. I very greatly regretted that Congress failed to give the Bureau of Fisheries sufficient money to continue the investigations which had already been started by such men as Dr. Galtsoff, of the Bureau, who is conducting, under the distressing conditions of lack of material support, a most wonderful series of laboratory studies of the effect of temperature and other conditions upon oysters.
About 10 years ago, during the time Mr. Wells was carrying on investigations in the Chesapeake region, I was carrying on investigations in the Great South Bay, and our results were substantially what he has just tried to give in 16 conclusions. He presents, in thosc conclusions, the result of the work in the Hygienic Laboratory and Public Health Serviceupon some of the most fundamental problems. Now, I do not agree in toto with anyone who has talked this morning, and yet I agree absolutely with all of them in most of their conclusions. The fundamental proposition is that we must treat the oysters as living agents, andl we are never going to arrive at sound results if we treat them in any other way. The problems are not like those in the studies on milk or water or any other products that are inanimate. We handle and eat shellfish w'hen they arealive, and therefore we must consider the fact that they are alive or we take the consequences.
The oyster is one of the most sensitive of living agents. If we try to chlorinate oysters, we will find that they rebel. Some will rebel more than others. Some will succumb during their rebellion, others will recover.
I have lately followed Dr. Galtsoff's method of determining the effect of chlorine on the rate of water passing through the oyster, and it varies very materially in different oysters. Large, husky oysters will pass through morewater; they will stand more chlorine, and will recover more quickly; other oysters that are weak will be much more affected, they will stop their activity, they will not purify themselves so quickly, and some will not recover.
It is easy to see how bacteriological test results will be different if oysters react in varying degrees in their physiological functions under natural conditions. We know they vary exceedingly as we experiment with them in the laboratory. You cannot touch a glass tank containingoysters without having them shut their shells instantly. They react with astonishing rapidity to various stimuli; you can hardly pass your-
